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In  the  sec tions  that  fol low,  we  be gin  by  outlining  the  con cep tual  dif f cul ties 
in volved in de fn ing mi gra tion with re spect to time as well as the re lated chal lenges 
that  can  arise  when  study ing mi gra tion  with  dig i tal  trace  da ta. We  in tro duce  our 
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Background







causes and ef fects sim i lar to those of in ter na tional mi gra tion (Ellis 2012; King and 
Skeldon 2010). The task of iden ti fy ing mean ing ful ge og ra phies of mi gra tion at sub­
na tional scales is not straight for ward, and com par i sons of in ter nal mi gra tion pat terns 
across  con texts  are of ten ham pered by dif fer ing  stan dards  (Bell  et  al. 2015; Long 
et al. 1988).
In  terms of  time, de fn ing mi gra tion  is  com pli cated by  the vary ing  fre quen cies 
with which peo ple move. People may en gage in return or on ward mi gra tion or move 
around for short pe ri ods as evidenced by the grow ing phe nom ena of cir cu la tion and 
short­term or  tem po rary mo bil ity  (Hannam et al. 2006; King 1978; Rogers 1995). 
There  is  no  the o ret i cally  grounded  def  ni tion  of  per ma nence  (Williams  and  Hall 
2002). Even in di vid u als who have lived away from their coun try of birth for many 





Scholars  of mi gra tion  have  long  been  aware  of  the  complexities  of mea sur ing 
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in creas ingly  abun dant with  the  grow ing  adop tion  of  tele com mu ni ca tion  tech nol o­
gies across the globe. Digital trace data can be col lected ac tively when peo ple post 
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Issues With Coverage Bias
The more com monly discussed chal lenge that can arise when us ing dig i tal trace data 
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lated but dis tinct tem po ral di men sions that de fne a mi gra tion tran si tion es ti ma te: the 







Event Data and Transition Data



























that  date  us ing  a  tem po ral  buffer  of  the  same  size. Finally, with  es ti ma tes  of  each 
in di vid u al’s place of res i dence at two dis tinct points in time to com pare—one at the 
start and the other at the end of the in ter val—we de ter mine whether the in di vid ual is 
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Evaluating the Consistency of Digital Trace Migration Estimates



















trend  line as  the mi gra tion  sig nal  is ob scured by pe ri odic  short­term mo bil ity and 
returns.
Moreover,  if  the  dig i tal  trace  data  are  deemed  to  be  of  suf f cient  qual i ty,  then 
an a lyz ing the re la tion ship be tween the mi gra tion es ti ma tes and the in ter val will pro­
vide use ful and novel in for ma tion for char ac ter iz ing mi gra tion dy nam ics. Although 
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ever,  the best way  to pro duce com pa ra ble es ti ma tes has yet  to be established. For 
















on 22 January 2021









For  ex am ple,  fol low ing  Roseman  (1971),  we  could  ex tract  the  spa tial  poly gon 














 • Research Question 1: Do mi gra tion es ti ma tes in crease as the in ter val 
in creases? We ex pect to fnd that the num ber of peo ple who mi grate from their 
place of res i dence will in crease as the in ter val in creases be cause of their added 
ex po sure  to  the risk of mi gra tion. Although  the strength of  this  re la tion ship 
should di min ish at  long  in ter vals be cause of  return mi gra tion, we ex pect  to 
ob serve a largely pos i tive re la tion ship be tween the in ter val and the mi gra tion 
es ti ma te.
 • Research Question 2: Do mi gra tion es ti ma tes de crease and be come more con­
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Answering  these  re search  ques tions  does  not,  how ev er,  en tail  val i dat ing  dig i tal 






















i cal da ta.  Instead,  the pur pose of  the model  is  to ex plore, us ing sim ple be hav ioral 
as sump tions,  how  short­term mo bil ity  and mi gra tion might  be  manifested  within 
in di vid u al­level time­and­place da ta. The sim u lated data will pro vide a point of ref­
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if li,t + 1 = . . . = li,t + k = 0|home = 1, then 0 → home




rate of  tran si tion should be ap prox i mated by  the prob a bil ity of a streak of  four or 
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tently as the in ter val in creases. Taken to geth er, the three pan els of Figure 2 il lus trate 
what we ex pect to fnd in our em pir i cal da ta. As the buffer size in creases, the high 
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and the ar ron disse ment (third ad min is tra tive lev el) in which the user was lo cated when 
the in ter ac tion took place. The D4D data set di vi des Senegal’s ter ri tory into 123 ar ron­
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Gowalla was a  short­lived plat form on which us ers  shared  their  lo ca tions. For each 

















Comparison With Simulated Results








on 22 January 2021

















































































































































































































on 22 January 2021
19Analyzing the Effect of Time in Migration Measurement
CORRECTED PROOFS
Comparisons Across Data Sets









































(nine di vi sions ×  eight di vi sions)  and  for 182 bi lat eral  em i gra tion flows  in Senegal 
(14 régions × 13 régions). When we plot the six­month rates against the one­month 
rates, we see a pos i tive lin ear trend across all three data sets. If rel a tively few peo ple 
in re gion i moved  to re gion  j over a one­month span,  it  is  likely  that  rel a tively few 
peo ple would have moved from  i to j over a six­month span. Although  this fnd ing 
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the con cep tual flex i bil ity nec es sary  for  in ves ti gat ing  the  re la tion ship be tween short­
term and long­term pat terns of mi gra tion.














such  as  LBSN  data  or  CDR  da ta,  into  mi gra tion  tran si tion  da ta.  To  ad dress  the 
grow ing  num ber  of ad hoc  ap proaches  in  the  lit er a ture,  our method  con trib utes  a 
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dif fer ent  kinds  of mi gra tion  es ti ma tes. Yet  fur ther work must  be  done  to  val i date 
mo bil ity  and mi gra tion es ti ma tes by  linking  them  to  tra di tional da ta. Because our 
con cep tual fo cus was on iden ti fy ing in ter nal con sis ten cies within a se ries of mi gra­




are  en cour aged  by  other  stud ies  that  have  dem on strated  the  validity  of mi gra tion 
es ti ma tes from dig i tal trace data by linking them to tra di tional sources (e. g., Deville 
et al. 2014).









pro por tion of  trav el ers. Examining  the  sen si tiv ity of  in ter na tional mi gra tion  into 
and out of the United Kingdom es ti mated from dig i tal trace data would both val­
i date  our method  and  char ac ter ize U.K. mi gra tion  in­  and  out­flows  in  new  and 
in ter est ing ways. ■
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